A relationship between Eh and the growth of anaerobic bacteria has been reported. Knight and Fildes (1930) showed that the limiting O/R potential for germination of C. tetani was 110 my at pH 7.0. With C. saccharobutyricum and C. sporogenes, Aubel, Rosenberg, and Grunberg (1946) reported growth at an Eh of 123 mv at pH 7.0. On the basis of the above, it was postulated that the procedure employed to autoclave milk influences the development of anaerobic bacterial cultures. The purpose of this study was to determine the effect of the sterilization process and the age of the medium at the time of inoculation on the development of C. botulinum type 62A. 
The development of Clostridium botulinum type 62A in a skim milk medium under conditions which provided some degree of aeration was reported by Kaufman and Brillaud (1961) . MIarshall (1963) obtained evidence which indicated that the development of C. botulinum type 62A in milk was influenced by the heating procedure used to sterilize the skim milk. The effect of heat on the oxidation-reduction (O/R) potential of milk has been reported by a number of investigators. Harland, Coulter, and Jenness (1952) reported more reduction in milk heated for 60 to 80 see at 90 to 96 C than in milk heated for 30 min at 76.7 to 96 C. Higgenbottom and Ta-ylor (1960) heated milk for 15 min at 115.5 C and observed an Eh of -300 mv after holding for 200 to 300 min. Crowe, Jenness, and Coulter (1948) found an increase in the reducing activity of milk after heating for 30 min at 90 C. Fontana and Colegrande (1962) held sterilized whole milk and skim milk at 25 C; after 8 hr, the Eh values were -110 and +10 mv, respectively.
A relationship between Eh and the growth of anaerobic bacteria has been reported. Knight and Fildes (1930) showed that the limiting O/R potential for germination of C. tetani was 110 my at pH 7.0. With C. saccharobutyricum and C. sporogenes, Aubel, Rosenberg, and Grunberg (1946) reported growth at an Eh of 123 mv at pH 7.0. On the basis of the above, it was postulated that the procedure employed to autoclave milk influences the development of anaerobic bacterial cultures. The purpose of this study was to determine the effect of the sterilization process and the age of the medium at the time of inoculation on the development of C. botulinum type 62A. These findings with respect to the effect of heat on the initial O/R potential of milk are in agreement with those reported by others (Higgenbottom and Taylor, 1960; Dill, Roberts, and Aurand, 1962; Whitehead, 1931) . C. botulinum developed more rapidly in milk sterilized for 30 min than in milk sterilized for 18 min when inoculated within 2 hr after sterilization. In the former, the vegetative-cell count was 3.8 X 106 per milliliter in 10 days; no test was undertaken to detect toxin in this sample. In the latter, 12 days were required to attain a similar population level, and a test for type A botulinal toxin was positive. The lag phase was 5 days in the medium processed for 30 min and 7 days in medium sterilized for 18 min (curve A Fig. 1 and 2). During the first 5 days of the lag phase, the spore count decreased from 4,300 to 30 per milliliter in milk medium autoclaved for 18 min. The vegetative cell count on the fifth day was 130 per milliliter. Although some metabolic activity undoubtedly occurred during this period, it was limited, and the Eh remained unfavorable (177 mv) as indicated by the fact that the vegetativecell count continued to decrease until about the seventh or eighth day. At this time, the organism had altered the environment, and rapid cell reproduction took place (Fig. 1, curve A) .
In medium sterilized for 30 min, the spore count decreased from 4,300 to 430 per milliliter during the first 3 days of the lag period. It is theorized that many of the spores present in the initial inoculum germinated in 1 to 2 days and became active cells which died because they could not metabolically cope with the adverse O/R potential of the environment present at the time (Eh higher than 144 mv). The metabolic activity, however, altered the environment and a favorable Eh (144 mv) for the organism was established by the third day. As a result, the vegetative cell count at this time was considerably higher (2,500 per milliliter) than in the previous instance (490 per milliliter); little, if any, decrease in cell count was observed on further incubation. The viable cells which were present on the third day remained in the lag phase for 2 more days. Since the Eh was conducive to growth throughout this period, the presence of a factor which prolonged the lag phase in this medium is indicated.
The data in Table 2 show the effect of lpro- Table 2 , however, is valid. The initial Eh in the sample sterilized for 30 min was 257 mv. After a 45-min heating period, the initial Eh was 236 mv. In the former, the Eh decreased 69 mv in 6 days; in the latter, it decreased 80 mv. The initial Eh was higher and decreased more slowly in the milk sterilized for 30 min, but the lag phase in this medium was 1.4 days shorter than in the medium sterilized for 45 min. In the medium sterilized for 45 min, little, if any, decrease in vegetative cell count was observed during the lag phase ( At the expiration of this time, rapid cell reproduction occurred. Since no delay was observed under conditions of favorable Eh, all factors necessary for active multiplication must have been present at the time that the Eh was favorable.
The effect of the age of the medium on the Eh after sterilization at 121 C for 18 or 30 min is shown in Table 3 . The initial Eh of the uninoculated medium sterilized for 18 min was 231 mv. After 3 days the Eh dropped to 216 mv. It reached a low of 186 mv in the 6-day-old medium. In this medium an O/R potential compatible with growth (156 mv at pH 6.2) was not attained (Aubel et al., 1946; Knight and Fildes, 1930) . The initial Eh of the uninoculated medium sterilized for 30 min was 219 mv. After standing for 5 days, the Eh was 162 mv. On further storage, the Eh reached a low of 156 mv in 7 days. It is apparent from these data that the O/R potential of sterile uninoculated whole milk decreased on storage at 18 C. The presence of active reducing substances is indicated, and the milk may be described as autoreductive.
Since autoreduction occurred in sterilized milk on holding, the age of the medium influenced the development of C. botulinum ( Fig. 1 and 2) . In milk inoculated 3 days after sterilization for 18 min, the Eh was 216 mv (Table 3) . At this O/R potential, conditions were favorable for the survival of the germinated spores. No decrease in cell count was observed (Fig. 1, curve A) when the medium was inoculated within 2 hr after sterilization, at which time the Eh was unfavorable (234 mv). The lag phase was 3.7 days in the 3-day-old milk in contrast to 7 days in the 2-hrold milk. During the lag phase the Eh decreased to 159 mv in the former. In the uninoculated control milk, the Eh decreased to 186 mv during the same period. The few spores (2,500 per milliliter) initially present aided in reducing the O/R potential to a level consistent with growth (159 mv) in 3 days, but all conditions for rapid cell multiplication were not established until about the fourth day after inoculation. From Fig. 1 it is apparent that the exponential rate of growth was not materially influenced by the age of the medium at the time of inoculation. This is to be expected since a culture adjusts the environment to itself during the lag period. The results obtained in milk inoculated 6 days after sterilization for 18 min were similar. The Eh at the time of inoculation in this instance was 186 mv. Although the level of O/R was not favorable for rapid growth, it was not deleterious to the germinating spore, and no decrease in count was observed. Even at the comparatively low level of inoculation (2,800 spores per milliliter), the activity associated with spore germination and outgrowth reduced the Eh about 30 mv in 2 days.
At the end of this time, the organism had provided a favorable O/R potential for rapid cell reproduction. The generation time was comparable to that observed in other studies.
The results obtained with milk sterilized for 30 min are presented in Fig. 2 . As a result of the ong sterilization process, the initial Eh was 12-lmv lower than in the short process. The auto reductive activity of the uninoculated medium reduced the Eh from 219 to 204 mv in 3 days. Although the Eh on the third day was unfavorable for rapid cell reproduction, it did not adversely affect the germinated spore, and no decrease in viable-cell count was noted during the lag phase. The activity associated with spore germination and outgrowth aided in reducing the Eh in 2 days to a level (135 mv) compatible with growth. After this 2-day lag period, the culture developed rapidly. The exponential phase of growth was similar to that obtained in the other trials. Comparable results were obtained in milk inoculated 5 days after sterilization for 30 min. The Eh at the time of inoculation was 162 mv. Although this level of O/R potential closely approaches the optimum for rapid cell growth, the lag period did not differ markedly from that obtained in 3-day-old milk. The presence of a factor(s) which prolonged the lag phase of culture development is indicated.
The initial Eh of the medium reflects both the dissolved oxygen content and the level of reducing substances found in the sterile milk. Some of the decrease in O/R potential on holding sterile whole milk medium is due to the removal of dissolved free oxygen by the reducing compounds formed or activated during sterilization. Part of the decrease may be due to the reduction of selected components, such as the lipids in the milk. All media do not show autoreductive activity. In a complete medium containing only Trypticase (BBL) and thiamine, no autoreductive activity was detected during a 17-day storage period (Kaufmann and Marshall, 1964) . C. botulinum type 62A did not grow in this medium unless special techniques were employed to achieve anaerobic conditions. In media which do not undergo autoreduction, the dissolved oxygen may be removed and reabsorption prevented by physical means, e.g., heating to 100 C and covering the surface of the medium with oil. A reducing agent, such as sodium thioglycolate, may also be added to media to remove dissolved oxygen by chemical means and lower the O/R potential to that compatible with anaerobic growth. In sterilized milk, C. botulinum may grow and produce toxin without physical or chemical treatment of the medium to provide an environment conducive to growth. In this respect, a milk medium differs markedly from a Trypticase medium, and can be described as biologically active.
The reducing activity associated with sterile milk is not unusual. Other animal materials such as meat and dried liver have been used to reduce media for the culture of anaerobes (Lapeer and Martin, 1929; Rabotonova, Toropova, and Rabaeva, 1955) . Squid flesh has been shown (Ando and Inoue, 1957) to exhibit reducing properties which aid in the development of C. botulinum type E. The addition of the flesh of white fish to a Trypticase-peptone-glucose medium supported the growth of C. botulinum Beluga; no growth occurred in the medium without fish unless special techniques were used to eliminate dissolved oxygen (Kaufmann and Solomon, unpublished data) .
